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Inter-harmonic Analysis Method of Improved AR Spectral Estimation by
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Abstract: With the wide application of various high-power power electronic loads in China, the harmonic
pollution of public power grids is becoming more and more serious, and the corresponding power quality problems
have attracted more and more attention. Therefore, it is of great significance to improve power quality by accurate
analysis of inter-harmonic characteristics. An improved hybrid genetic algorithm and particle swarm optimization
(HGAPSO) with a competitive mechanism was proposed. By introducing a series of competitive strategies of
elimination and elite learning, the particle swarm optimization (PSO) has a faster search speed and stronger global
search capability, thereby the accuracy of parameter estimation in autoregressive (AR) spectral estimation is
significantly improved. The AR spectral estimation was used to obtain the inter-harmonic order and initial frequency
in the detection signal, and the harmonics were converted based on the inter-harmonic signal model. The converted
amplitude was encoded in the improved HGAPSO to estimate the amplitude and phase of inter-harmonics. The
simulation results indicates that the algorithm can get higher precision inter-harmonic parameters compared with
HGAPSO, PSO and genetic algorithm (GA), and has a stronger anti-interference ability.
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Fig.1  Flow chart of inter-harmonic analysis based on AR spectral

estimation method and improved HGAPSO algorithm
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Tab.1  Analysis result of harmonic frequency with AR spectral ,

interpolation FFT and windowed BT spectral estimation

JRIRTES AR ffi i Jine BT 1%
$i % /Hz, it /Hz FFT/Hz S Hi/Hz
50 50.002 49.287 50.097
75 75.087 75.675 75.146
150 150.154 148.675 150.231

F2 ARIEEITFEEFFT RINE BT ES IS EEERITER
Tab.2  Analysis result of harmonic amplitude with AR spectral ,

interpolation FFT and windowed BT spectral estimation

iy iR AR % Eiifc Jn BT 3%
EETAY kv FFT/V STV
1.00 0.745 0.834 0.826
0.08 0.072 0.156 0.094
0.07 0.058 0.055 0.060
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Tab.3 Harmonic and inter-harmonic parameters

Sfi/Hz AV @, /(°)
50 1.00 0
75 0.18 0
250 0.09 30
275 0.10 30
350 0.02 45

450 0.03 45
550 0.04 45
560 0.01

650 0.024
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Fig.2 Iterative convergence curves of four kinds of algorithms
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(EARIAAL T B B B Ry e, 5 B4
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Tab.4  Simulation results of harmonic and inter-harmonic parameters

based on improved HGAPSO algorithm

f/Hz alV bV ANV @)
50.0 09992  0.0200 1.000 0 0.000 0
75.0 01806 00006 01801 0.000 0
250.1 0.099 1 00234 00970  30.0018
275.1 00827 00552 01000  29.999 1
350.8 00140 00141 00200  45.1215
450.0 00210 00212 00300 450023
550.0 00283 00283 00400 451094
559.3 00178 00315 00100 0.000 0
650.0 00240 00000  0.0240 0.000 0

#=5 ETHCAPSOEZKEFEIEESHNBELER
Tab.5 Simulation results of harmonic and inter-harmonic

parameters based on HGAPSO algorithm

f/Hz a,/V bV AV @, /(°)
50.0 0.998 6 0.0200 1.000 0 0.000 0
75.0 0.180 8 -0.001 1 0.180 1 -0.3620
250.2 0.099 1 0.0234  0.0970 30.006 4
275.1 0.0827 0.0552  0.1118 26.565 1
350.8 0.0230 0.034 5 0.041 4 56.309 9
450.0 0.024 5 0.0440  0.0300 45.002 3
550.0 0.036 5 0.0412  0.0550 48.499 9
559.3 0.0140 -0.002 3 0.026 9 0.162 8
650.0 0.025 6 0.000 8 0.024 0 0.000 0

*6 ETPSOEZEEMEEESHNBELER
Tab.6  Simulation results of harmonic and inter-harmonic

parameters based on PSO algorithm

f/Hz aJV bV AV @/(°)
50.0 0.999 2 00200  1.0000 0.000 0
75.0 01801  -00011 01801  -03620
250.2 0.099 1 00234 00970  30.006 4
275.1 0.0827 00552 01118 265651
350.8 0.0220 00355 00288 451215
450.0 0.0245 00440 00300 450023
550.0 0.036 5 00412 00550  48.4999
559.3 00110  -0.0003 00100  -1.5061
650.0 0.0240 0.0000  0.0240 0.000 0

7
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Tab.7  Simulation results of harmonic and inter-harmonic

R REHLIE R XA R LR & IR E R

Tab.9 Effects of random noise on inter-harmonic combined error

parameters based on GA algorithm o LR
Si/Hz a,/V bV AV @,/(°) HBL it HGAPSO  HGAPSO PSO GA
50.0 0.909 4 0.1452 0.9210 9.100 3 0.01 0.000 3 0.0027  0.0023  0.7739
75.0 0.1429 0.015 8 0.1432 6.316 0 0.02 0.001 2 0.0034 00024 11730
250.2 0.095 7 0.047 6 0.1069  26.4560 0.03 0.001 8 0.0055 00055 12299
275.1 0.075 4 0.051 1 0.0911 341141 0.04 0.028 6 00515 00511 17744
350.8 0.0220 0.035 5 0.0719 8.3314 0.05 0.032 1 0.0636 00762 19888
450.0 0.071 1 0.010 4 0.089 0 9.2212
550.0 0.086 6 0.014 4 0.1402 102520 5 Z%
559.3 0.084 4 0.058 8 0.0103  34.6361
650.0 00835 00163 00851  11.0750 1) AR BEAG TH i B A 5 1R 5% 43 R TR
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Tab.8  Errors of amplitude and initial phase

Hk WAL XHE IR 2E WAL %25/ (0)
Mt HGAPSO 0.001 0.2
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